It is generally believed that spatial domain watermarking methods are not robust against common image processing attacks. In this paper, a novel application of an unsharp mask is proposed to increase the performance of watermark recovery in correlation based watermarking. Commonly, unsharp mask is used to improve quality of the image by emphasizing its high frequency contents to enhance the edge and details information in it. Dissimilarity between different parts of image is increased by this filter. Thus, the watermark could recover more correctly from the watermarked image. This filter is applied before running watermark recovery procedure. To show efficiency of proposed filter on the spatial domain watermarking, it is applied on a typical correlation based method. Several experiments are done to evaluate the performance of proposed method is improved by applying this filter before watermark extraction procedure.
Introduction
The watermarking has been proposed as an appropriate solution for copyright protection methods for digital data. The watermarking methods embed a watermark with some extra information about the digital media without visibly altering them [1] . Digital watermarking methods are consisting of two parts; embedding and recovery algorithms. In the embedding algorithm, the watermark is embedded in digital media with a special algorithm. And this watermark is recovered from the watermarked image by extracting algorithm.
Robustness and imperceptibility are two important factors in watermarking algorithm. But these properties are incompatible with each other. The imperceptibility means that how much the media quality is changed by the embedded watermark; and the robustness is the ability to recover the watermark after common or malicious signal processing operations. These incompatible parameters should be set to meet the requirements of the application [2] , [3] .
Generally, there are two common domain that watermark is embed in them; the spatial domain or the transform domain. The watermark is embedded straight forward in the pixels of the host image in the spatial domain methods. But, these methods are not robust to image common image processing operation [4] . Although, some paper used the filters for increasing the power of recovery algorithm, [6] . Transform domain watermarking methods take advantage of the transform domain properties to embed the watermark. These methods usually use the Discrete Cosine Transform (DCT) [7] , [8] and the Discrete Wavelet Transform (DWT) [9] , [10] . These methods typically are more imperceptible and robustness to common image processing operation.
Some researchers have tried to increase the power of watermarking algorithms by augmenting the watermark retrieval algorithms. They try to make watermark information more visible to the recovery algorithms. The goal of these methods is to boost watermark detection rate by an efficient and simple model based on image enhancement, edge detection and noise magnifying methods [5] .
A slightly more computationally complex detection scheme is proposed which accompanied by a fixed threshold that performs better than those existing in bibliography [11] . The choice of the transform used, the embedding parameters or the attacks used, do not affect its performance.
Application of blurring filter for increasing the possibility of detection of watermark is proposed by Broadway [12] . They use blurring filters for a watermark with a dominant low frequency content to improve the detection probability. Since the content of image might interfere with the watermark, especially in the low-frequency parts, the reliability of the detector could be improved by applying matched filtering before correlation [6] . This decreases the influence of the original image to the correlation. Therefore, the watermark could easily be recovered from watermarked image.
Hafiz proposed an approach to blind watermark detection for spread spectrum by using of Independent Component Analysis theory [13] . It uses the theory of independent component analysis (ICA) and detects the watermark with a blind source separation method. The watermark information is considered as noise for the watermarked image in its spatial domain. This noise is magnified before executing recovery algorithm, and then recovers the watermark information by adjusting the extracted data from the frequency domain according to the global minimum method [14] . A preprocessing method is proposed that exploit a combination of noise boosting and filtering to facilitate recovering the watermark from watermarked image in the DCT-based watermarking algorithm [3], [5] .
In this paper, a novel application of unsharp mask is presented to augment power of recovery algorithms in the spatial domain methods. The dissimilarity between the watermark and the original image are amplified by this filter. Thus, the watermark could be removed from the modified watermarked image meaningfully better. This filter is applied before running watermark extraction procedures in correlation based method. Several experiments are done to evaluate the efficiency of unsharp mask in the spatial domain based watermarking.
The rest of the paper is organized as follows. In section 2, unsharp mask is described in details. A typical correlation based method is introduced as a representative of spatial domain watermarking in section 3. Section 4 presents the experimental results to show the performance of this scheme on the classical method. Conclusions are drawn in Section 5.
Materials and Method

Unsharp Mask
In this paper, Gonzales definition is used for unsharp masking [15] .Linear unsharp masking is a method for augmenting the perceptual quality of an image by highlighting its high-frequency components. In this filter, a high pass filtered of the input signal is added to the original signal to gain the enhanced image [16] .
In the linear UM algorithm, the unsharp image funsharp(x, y) is obtained from the input image f(x, y) as
Where HP(x, y) is a linear high pass filter, and λ is an appropriate positive scaling factor which controls the contrast enhancement at the output.
The unsharp masking process is shown in the Figure 1 .
In this paper, a typical high pass filter is used for Unsharp Mask. It is shown in the 3x3 convolution matrix looks as follows:
Correlation Based Watermarking
Watermark Embedding Algorithm
The watermark embedding process is shown in Figure. 2, and it is describedin the following steps.
* Divide the host image into 8 x 8 blocks.
* Re-formulate the watermark image into a vector of zeroes and ones.
* Generate two uncorrelated pseudorandom sequences by a key. One sequence is used to embed the watermark bit 0 (PN_0) and the other sequence is used to embed the watermark bit 1 (PN_1). Number of elements in each of the two pseudorandom sequences must be equal to the number of block. * Embed the two pseudorandom sequences, PN_0 and PN_1, with a gain factor α in the 16x16 blocks of the host image. If we donate X as the matrix of the block, then embedding is done as equation (3):
WatermarkExtracting Algorithm
The typical correlation based algorithm is a blind watermarking algorithm, and thus the original host image is not required to extract the watermark. Recovery method is the same as embedding one, and filtering is convolved before running extraction and before calculates the correlation on each block to better separate watermark information from host image. The watermark extraction procedure is shown in Figure. 3, and described in details in the following steps.
* Applying Unsharp Mask filter as shown in the equation of (1) on the watermarked image.
* Divide watermarked image that could be attacked or not into 8 x 8 blocks.
* Regenerate the two pseudorandom sequences (PN_0 and PN_1) using the same key which used in the watermark embedding procedure.
* For each block in the watermarked image calculate the correlation between the element and the two generated pseudorandom sequences (PN_0 and PN_1). If the correlation with the PN_0 was higher than the correlation with PN_1, then the extracted watermark bit is considered 0, otherwise the extracted watermark is considered 1.
* The scrambled watermark is reconstructed using the extracted watermark bits. 
Experimental Results
To compare the efficiency of the proposed filter on correlation based methods, three standard grayscale images with different contents of size 512×512 are used in our experiments, as shown in Figure. 4
. (a)-(c).
Pepper is used as a representation of image with low spatial frequency and Barbara as a representation of image with average spatial frequency and Baboon as a representation of image with high spatial frequency. In this experiment, a 32×32 binary image, as shown in Figure. 
The watermarked image O is obtained following the completion of the watermark embedding procedure. The watermark information is embedded with PSNR 30, 35, and 40 dB in the watermarked images. Then Unsharp Mask filter which is described in Section 2 are performed on these watermarked images which may be attached by the method presented in section 3. NC between the original W and the extracted watermark W' is calculated for different PSNR. To compare the effect of different places of preforming proposed filter, the algorithm is tested byseveral attacks, including JPEG compression, image scaling, adding Salt and Pepper noise, Gaussian filtering. The presented method is implemented using MATLAB. Table 1 visually shows the effects of using unsharp mask filter on extracted watermark in the correlation based watermarked image. These results have been gain form Pepper's imagewhich watermarked with PSNR 30. As shown in the table 1, convolving the Unsharp Mask filter before running extraction procedure significantly improve the quality of extracted watermark.
Visual Comparisons
Robustness Comparison
In the second experiment, the results of preforming Unsharp Mask filter on Pepper, Barbara, Baboon images as a representation of image with low, average, and high spatial frequencies are presented. The goal of this section is to show the effect of convolving this filter on different watermarked image. These results are shown in the table 2-4 for the Pepper, Barbara, Baboon images respectively. As it is shown in the table 2, results are meaningfully improved by exploiting proposed filter in compare with normal recovery method. Utilizing proposed filter before recovery algorithm is more effective to the attacked images with salt and pepper noise, scaling and blurring attacks. However, in the jpeg compression attacks, convolving Unsharp Mask filter increases the results. As it shown in this table, improvement in the values of NC, in salt and pepper noise, scaling and blurring attacks on pepper image with PSNR 40 as a high invisible watermarked image, NC preforms 0.10 much better than normal recovery, and in the case of jpeg compression attack improvement is 0.05 in term of NC. Therefore, for low spatial frequency, using the Unsharp Mask before running extraction significantly increases the results.
In the table 3, results are significantly enhanced by utilizing of the proposed filter on the Barbara watermarked image in compare with normal extraction. As it shown in this table, proposed method show less improvement for the average frequency image, however, the improvement still is meaningful in compare with normal results. Using unsharp mask before recovery algorithm is more successful in salt and pepper noise and blurring attacks. However, in the jpeg compression and scaling attack, using unsharp mask improve the results. 
Conclusions
In this paper, a new application of Unsharp Mask filter is presented. This filter is used to increase the quality of recovered watermark in the spatial domain watermarking algorithms. The Unsharp Mask filter is convolved with watermarked image before running retrieval algorithm. In this paper we proved that the quality of extracted watermark could increase by applying this filter. Several tests are done to investigate efficiency of this filter on spatial domain watermarking method. Efficiency of the methods is tested by comparing its results with normal recovery method in the term of NC. The watermark is extracted after common image processing attacks with higher NC value by using Unsharp Mask filter. Especially, performance is increased better in case of blurring filter, jpeg compression and scaling. Therefore, it is suggested to use Unsharp Mask filter before running watermark retrieval algorithms in the spatial domain watermarking method.
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